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Abstract 
Researches of flat samples using laser cladding technology were carried out. Nickel-based powders with the addition of 
nanopowders of tantalum carbide and tungsten carbide with water-based hydroxyethylcellulose as the binder, were used for slip 
cladding. Powders are fused on under local argon protection. The experiments were carried out to determine minimal base metal 
penetration depth, microhardness distribution over cross section of substrate and deposited layers, enrichment level of cladding 
metal with base components depending on power density and deposition rate. Metallographic studies of obtained overlays were 
conducted using a high-precision analytical equipment. 
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1. Introduction 
Laser welding is one of the modern technologies used to improve surface properties of samples in different 
environments. This technology is based on melting-down of powder material under the effect of laser radiation. 
Since linear power during this procedure is lower than during arc and plasma procedures, consequently, thermal 
influence on the substrate is minimal [Grygoryants et al. (2008)]. 
Adding nanoparticles of high-melting compounds such as tantalum carbide (TaC) and tungsten carbide (WC) 
results in better overlay surface properties (wear resistance, microhardness).  Wear resistance of overlay with nickel 
matrix may be raised considerably with the addition of high-melting particles such as WC, TaC, NiC, VC. Baseline 
alloy matrix includes a relatively soft phase containing solid phase carbides that enhance overlay abrasive wear 
[Izdinska et al. (2010)]. When adding WC powder it was observed that along with the increase of laser radiation 
power density, amount of WC particles reduces [Janicki et al. (2012)]. This is explained by the fact that secondary 
carbide phases begin to form and thus sensitivity to overlay cracking increases. 
In the study two types of nanoparticles of high-melting compounds - WC and TaC, were used. Cladding of 
nickel-based powder mixtures with the addition of nanopowders was carried out. Metallographic analysis of 
obtained overlay with the addition of nano-WC was conducted, microhardness of overlay cross-section was 
measured and mechanical abrasive wear test of the overlay with the addition of TaC nanoparticles was made. 
2. Experimental equipment 
The experimental setup consists of a 6-axis robot KUKA, fiber laser LS-6-K, produced by NTO "IRE-Polus", 
with transport fiber diameter of 200 microns, chiller for laser cooling, PRECITEC optical head and FLIR thermal 
camera of T640 series. 
Microstructural study was conducted on Neofot 30 metallographic microscope by Carl Zeiss (Germany), the 
chemical composition of resulting overlays was investigated by means of X-ray reflection and scanning electron 
microscopy.  
3. Experimental part 
The experiments were conducted on 34ɏɇ1ɆȺ steel substrate. Two nickel-based types by HOGANAS 
production were selected as powders - 1360 and 1559, powders granules size was 50-140 μ, TaC and WC sized up 
to 100 nm were selected as nano additives. Chemical composition of the powders is presented in Table 1. 
Table 1. Chemical composition of powders 1360 and 1559 by HOGANAS production, 
and substrate. 
 Ni C Fe Cr B Si 
Powder 1360 base 0.45 2.9 11.0 2.3 3.6 
Powder 1559 base 0.03 0.14 - 2.75 2.86 
Substrate 0.25 0.046 98 0.15 - 0.041
3.1. First part of the experiment 
The first part of the experiment was to measure penetration depth of the substrate without the use of powder. 
During the experiment, the following process conditions were used: power of laser radiation (from 500 to 1500 W, 
in increments of 250 W), defocusing during the experiment - +10. Surface temperature of the substrate was 
measured by thermal imager. The results of this experiment are presented in Table 2. 
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Table 2. The results of measurements of substrate penetration depth and surface temperature. 
ʋ of track Power, 
W 
Speed, m/s 
Focus, 
mm 
Fiber 
diameter, μ 
Penetration depth, 
mm 
Temperature, °C 
1 500 0.1 +10 200 0.2 955 
2 750 0.1 +10 200 0.38 1170 
3 1000 0.1 +10 200 0.44 1320 
4 1250 0.1 +10 200 0.62 1452 
5 1500 0.1 +10 200 0.85 1660 
3.2. Second part of the experiment 
Based on the first part of the experiment there were selected the following process conditions for deposition of 
powder mixture 1559 + nano-WC: power - 750 W, focus - +10, speed - 0.1 m / s. Steel substrate (60ɯ20ɯ10 mm) 
was pre-cleaned of rust and scale. The substrate was deposited with the mixture of powders 1559 and WC 
nanopowder  with different mass concentration (2.5%, 5%, 7.5% and 10%, respectively), the mixture was prepared 
with the aqueous hydroxyethylcellulose binder, thickness of previously deposited layer was approximately 1 mm. 
Values of power density during this experiment were the following: 0.68-0.98 MW / cm². Metallographic 
examination, microhardness measurements and enrichment of overlay metal with base components were conducted 
for the obtained samples. 
3.3. Third part of the experiment 
Cladding of mixture of powders 1360 and TaC nanoadditives with mass concentrations 5, 10, 15 and 20%, 
respectively was performed.  The mixture was preliminary applied to steel substrate with layer thickness of 
approximately 1 mm. Deposition parameters of this mixture were as follows:  laser power - 2500 W, scanning speed 
- 0.7 m/s, defocusing - +230 mm. The obtained samples were tested for abrasion according to the method of Brinell-
Haworth. Wearing test results are shown in Figure 1. Figure 1 shows that with the increase in concentrations of TaC 
nanopowder overlay weight loss is reduced by 4-6 times, compared to the steel substrate without a deposit. Siliceous 
sand with particle size of 0.2-0.4 mm was used as abrasive. Test load was 15 N, test duration - 30 minutes.  
 
 
Fig. 1. Results of wearing test of powders mixture 1360 + nano-TaC with different concentrations. 
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Better abrasion resistance of overlay with addition of high-melting particles of TaC nanopowder is determined by 
the fact that in soft nickel matrix phase there are TaC solid inclusions, which prevent abrasion wear. 
4. Microstructural study of samples containing nano-WC 
Figure 2 illustrates a perspective view of a weld bead made with mixture of powders 1559 + nano-WC with 
concentration 7.5%. The figure also shows measurement points of spectrum of elements content by mass fraction. 
Table 3 shows measurement results of the backscattered electrons reflection spectrum. 
 
 
Fig. 2. General view of macrosection of weld bead made with powders mixture 1559 + nano-WC (7.5%). 
Table 3. Measurement results of the reflection spectrum of backscattered electrons and chemical composition at each 
point. 
Spectrum ɋ Si Cr Fe Ni W 
1 1.97 2.74 0.44 1.48 87.52 5.85 
2 1.97 2.62 0.48 1.72 87.06 6.15 
3 1.54 2.60 0.45 3.89 85.55 5.96 
4 - - 0.00 99.13 - - 
5 - - 0.12 99.02 - - 
Figure 3 compares measurement results of clad samples microhardness without additives of nano-WC (§6000 
MPa) and with additives of 7.5% nano-WC (§9000 MPa). As can be seen from the comparison, a growth of 
microhardness values in welding deposition appears with the addition of nanoparticles of tungsten carbide.  
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Fig. 3. Microhardness measurement: on the left-hand side there is deposition of 1559 powder with no additives of nano-WC, on the right-hand 
side - with the addition of nano-WC with the concentration 7.5%. 
5. Conclusion 
This article describes the work on welding deposition of powdered nickel-base mixtures with the addition of 
nanoparticles of high-melting compounds - TaC and WC. By means of experiments optimal process conditions were 
determined. 
Weld deposit overlay with additives of TaC nanoparticles at various weight concentrations (5, 10, 15, 20%) were 
obtained.  Mechanical tests on overlay abrasive resistance were made and showed 4-6 times decrease in the weight 
loss along with the increase of concentration of nano-additives of tantalum carbide. 
Metallographic studies of weld deposits obtained with nano-WC additives of various concentrations (2.5, 5, 7.5, 
10%) were conducted. A study of reflection spectrum of backscattered electrons along the transverse cross-section 
of welding deposition at five points was carried out. Comparative analysis of overlay microhardness without WC 
nanoparticles and with the addition of nanopowder showed that there has been an increase in microhardness from 
6000 MPa to 9000 MPa. Power density in this experiment was 0.68-0.98 MW/cm2. 
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